This paper reports on the antischistosomal and cytotoxic effects of the essential oil obtained from Tetradenia riparia leaves (TR-EO). At concentrations of 50 and 100 g/mL, TR-EO killed all the worms after 120 and 24 h of incubation, respectively. At a concentration equal to or higher than 50 g/mL, this oil also separated the coupled pairs and decreased the adult worm motor activity after incubation periods higher than 72 h. In addition, at 120 h of incubation, TR-EO slightly decreased the number of eggs produced by Schistosoma mansoni adult worms and significantly reduced the percentage of developed eggs, in a dose-dependent manner. XTT-colorimetric assays showed that the tested TR-EO concentrations were not considerably cytotoxic to V79 cells (IC 50 = 253.5 g/mL). The effects of TR-EO on egg development were noteworthy; therefore, this essential oil deserves further investigation to identify the chemical constituents that elicit activity against S. mansoni.
Schistosomiasis, a parasitosis caused by human schistosomes, is the second most prevalent tropical disease and affects over 200 million people worldwide. An estimated 779 million people are at risk of contracting this disease [1] . Praziquantel (PZQ) is the main drug available to treat schistosomiasis, but it is inactive against juvenile schistosomes; moreover, PZQ-resistant strains exist [2] . It is clear therefore that the development of new schistosomicidal agents has become an urgent matter. In this scenario, a number of papers have recently reported the anthelmintic potential of plant-derived essential oils (EOs) against Schistosoma mansoni [3, 4] .
Tetradenia riparia (Hochst.) Codd. (Lamiaceae), commonly known as "false myrrh", is an aromatic herbaceous shrub that originated in South Africa. In folk medicine, this species is used to treat toothache and dental abscesses, malaria, and diseases induced by worms, bacteria, and fungi, among others [5] . The essential oil from T. riparia leaves displays ascaricidal, antimalarial, antibacterial, antifungal, and antinociceptive actions [6, 7] . Despite its applications in folk medicine, the anthelmintic effects of this EO against schistosome forms have not yet been investigated. This paper reports on the in vitro anthelmintic effects of the essential oil of T. riparia (TR-EO) on S. mansoni adult worms and eggs, as well as its cytotoxicity against V79 mammallian cells. Table 1 summarizes the TR-EO in vitro effects against S. mansoni adult worms. At a concentration of 50 μg/mL, TR-EO significantly reduced the motor activity of adult S. mansoni worms after 120 h of incubation, In addition, all the worms incubated in TR-EO at 100 μg/mL were dead within 24 h. On the other hand, praziquantel (PZQ, positive control, 10 μM or 3.1 μg/mL) killed all the parasites within 24 h, but worms belonging to the negative (RPMI 1640 medium) and solvent control (0.1% DMSO plus RPMI 1640 medium) groups did not die.
Assessment of the viability of adult worms during their in vitro incubation with TR-EO at 10, 50, and 100 μg/mL ( Figure 1A ) showed that the adult worm viability in the groups treated with TR-EO at 10 μg/mL diminished after 120 h as compared with the negative control groups. Nevertheless, the viability of the group treated with TR-EO at a concentration of 100 μg/mL was similar to that of the positive control groups (heat-killed worms and PZQ). Table 1 , TR-EO at a concentration of 50 μg/mL separated all the coupled worms after 120 h. Moreover, TR-EO at 100 μg/mL killed all the S. mansoni worms after 24 h of incubation and separated only 25% of the coupled parasites. Similar effects occurred upon treatment of the worms with the positive control (PZQ, 10 M)  all the parasites died within 24 h, without worm separation. The adult worms remained coupled in both the negative and solvent control groups.
According to
An intimate and permanent association between female schistosomes with the male is necessary for schistosomes to reproduce and form eggs. Recently, some works have shown that some essential oils affected egg production, but in some cases the effects resulted from the coupled adult S. mansoni worms [3, 8] . Thus, we evaluated how TR-EO at 10 μg/mL affected egg production, because worms did not separate at this concentration. TR-EO slightly decreased the number of eggs produced by S. mansoni adult worms as compared with the negative control NPC Natural Product Communications 2015 Vol. 10 No. 9 1627 -1630 ( Figure 1B ). On the other hand, TR-EO significantly reduced the percentage of developed eggs in a dose-dependent manner after 120 h of incubation ( Figure 1C ). XTT assays on Chinese hamster lung fibroblast cells (V79) helped to ascertain TR-EO cytotoxicity. The V79 cell line is useful in cytotoxicity tests: it has a short generation time, is well characterized, and has a stable karyotype [9] . The in vitro studies with S. mansoni aided selection of the concentrations. Treatment of the cultures with TR-EO at concentrations ranging from 3.12 to 400 μg/mL for 24 h evidenced that only concentrations higher than 200 μg/mL were significantly cytotoxic to V79 cells; after treatment for 24 h, the IC 50 value was 253.5 μg/mL ( Figure 2 ). Therefore, TR-EO was not cytotoxic at the concentrations that were active against S. mansoni adult worms.
The TR-EO yield was 0.93  0.20%, w/w. GC-FID and GC-MS analysis revealed that fenchone (18.9%), aromadendrene oxide (17.3%), (E,E)-farnesol (17.7%), aromadendrene oxide (17.3%), (E)-caryophyllene (4.4%), camphor (4.3%), and -cadinene (4.3%) were its major components ( Table 2 ). Some authors had previously reported most of these chemical constituents for other T. riparia specimens [7, 10] . On the other hand, no previous reports on the schistosomicidal effects of these compounds alone exist. 
RI:
Retention index determined relative to n-alkanes (C 8 -C 20 ) on an Rtx-5MS column; RA: relative area (peak area relative to the total peak area in the GC-FID chromatogram), average of three replicates; RL: comparison of the retention index with the literature; MS, comparison of the mass spectra with literature data [14] ; Co: coelution with standard compounds available in our laboratory. Literature reports have proposed two possible action mechanisms to explain the biological activities of essential oils. Both of these are associated with the hydrophobicity of monoterpenes and sesquiterpenes, which are often the main chemicals in such oils. The lipophilicity of terpenoids would allow these compounds to permeate the cell membranes easily, to kill parasites or microorganisms by affecting their metabolic pathways or organelles [11] . The essential oils themselves could interact with the parasite membrane and cause drastic physiological changes, leading to reduced membrane permeability and culminating in cell death [11, 12] . On the other hand, considering the large number of chemical constituents in essential oils, as well as synergistic or antagonistic interactions between them, these oils could also act on cellular targets other than the cell membranes, like lipids and proteins [12, 13] . However, the data obtained in this study does not clarify the mechanism through which TR-EO exerts its schistosomicidal activity.
In summary, the essential oil of T. riparia (TR-EO) was effective against S. mansoni adult worms and inhibited egg development.
Although TR-EO was less effective than the currently employed PZQ against adult S. mansoni worms, its effects on egg development were remarkable; PZQ is inactive against juvenile S. mansoni forms. TR-EO exerted schistosomicidal effects at concentrations lower than the cytotoxic concentration of this oil. Taken together, the present results suggest that the schistosomicidal activity of this essential oil deserves further investigation to identify the chemical constituents that elicit this activity. 
Extraction of the essential oil and chemicals:
The essential oil of T. riparia (TR-EO) was obtained from fresh leaves by hydrodistillation in a Clevenger-type apparatus for 3 h. To this end, 1,200 g of plant material was divided into 3 samples of 400 g each, and 500 mL of distilled water was added to each sample. After manual collection, traces of water remaining in the essential oil (EO) were removed using anhydrous sodium sulfate, which was followed by filtration. The EO was stored in an amber bottle and kept in the refrigerator at 
GC-FID and GC-MS analyses:
TR-EO was dissolved in diethyl ether and analyzed by GC-FID and GC-MS. The column temperature used in GC-FID was programmed to rise from 60 to 240 o C at 3 o C/min and was then held at 240 o C for 5 min; the carrier gas was H 2 at a flow rate of 1.0 mL/min. The equipment was set to operate in the injection mode; the injection volume was 0.1 μL (split ratio of 1:10), and the injector and detector temperatures were 240 and 280 o C, respectively. The relative concentrations of the components were obtained by peak area normalization (%). The relative areas were the average of triplicate GC-FID analyses. For GC-MS analyses, the oven temperature program was the same as the one used for GC. The electron ionization mode was used at 70 eV. Helium (99.999%) was employed as the carrier gas at a constant flow of 1.0 mL/min. The injection volume was 0.1 μL (split ratio of 1:10). The injector and the ion-source temperatures were set at 240 and 280 o C, respectively. Mass spectra were taken with a scan interval of 0.5 s, in the mass range from 40 to 600 Da. The TR-EO components were identified on the basis of their retention indices on a Rtx-5MS capillary column under the same operating conditions as GC, relative to a homologous series of nalkanes (C 8 -C 20 ); structures were computer-matched with the Wiley 7, NIST 08, and FFNSC 1.2 spectral libraries, and their fragmentation patterns were compared with literature data [14] . Standard compounds available in our laboratory were also co-eluted with TR-EO, to confirm the identity of some essential oil components.
Schistosomicidal assays:
The LE strain of S. mansoni was maintained by passage through Biomphalaria glabrata snails and Balb/c mice and recovered after 8 weeks, according to a previously reported methodology [15] . The worms were washed in Roswell Park Memorial Institute (RPMI) 1640 medium (Invitrogen), kept at pH 7.5 with HEPES 20 mM, and supplemented with penicillin (100 UI/mL), streptomycin (100 μg/mL), and 10% bovine fetal serum (Gibco). For the in vitro tests with S. mansoni, TR-EO was dissolved in 0.1% DMSO and used at concentrations of 10, 50, and 100 μg/mL; the oil was added to the medium containing 4 adult worm pairs after a period of 24 h of adaptation to the culture medium. The parasites were kept for 120 h and monitored every 24 h to evaluate their general condition with respect to motor activity and mortality rate. Also, changes in pairing, egg production, and egg development were examined with the aid of an inverted microscope (Leitz). RPMI 1640 medium and RPMI 1640 with 0.1% DMSO were used as the negative control groups; praziquantel (PZQ) at 10 M (3.1 μg/mL) was employed as the positive control group. The experiment was carried out in quadruplicate and repeated at least 3 times.
Pairs of adult worms were incubated for 120 h with TR-EO (10, 50, or 100 μg/mL), and viability was assessed by means of the MTT assay, as previously described [16] . Parasites in RPMI 1640 medium and RPMI 1640 with 0.1% DMSO were used as the negative and solvent control groups, respectively; heat-killed worms (56 o C) and worms treated with 10 M PZQ were used as the positive control groups. The experiment was accomplished in quadruplicate and repeated at least 3 times (a total of 12 adult worms pairs).
Cytotoxic activity:
Cytotoxicity of TR-EO against the V79 cell line was measured using the in vitro Toxicology Colorimetric Assay Kit (XTT; Roche Diagnostics), as previously reported [8] . Chinese hamster lung fibroblasts (V79 cells) were cultured in HAM-F10
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(Sigma-Aldrich)/DMEM (Sigma-Aldrich) 1:1 culture medium supplemented with 10% fetal bovine serum (Nutricell), antibiotics (streptomycin 0.01 mg/mL and penicillin 0.005 mg/mL; Sigma-Aldrich), and Hepes 2.38 mg/mL (Sigma-Aldrich) at 37 o C, with 5% CO 2 . For the experiments, the cells (10 4 cells/well) were plated onto 96-well microplates. Each well received 100 mL of DMEM medium containing TR-EO at concentrations ranging from 3.12 to 400 g/mL dissolved in DMSO (final concentration 0.2%). Negative (without treatment), solvent (0.2% DMSO), and positive (25% DMSO) controls were included. After incubation at 37 o C for 24 h, the medium was removed, and the cells were washed twice with 100 mL of PBS and exposed to 100 mL of HAM-F10 medium without phenol red. Then, 50 mL of XTT was added to each well. The microplates were covered and incubated at 37 o C for 17 h. The absorbance of the samples was determined using a multi-plate reader (ELISA, Tecan -SW Magellan vs 5.03 STD 2PC) at a test wavelength of 492 nm and a reference wavelength of 690 nm. The cell viability was expressed as a percentage relative to that of untreated cells (designated as 100%). The experiments were performed in triplicate.
Statistical analysis:
Results of the antischistosomal and cytotoxic assays were expressed as mean ± SD. The statistical tests were performed with Graphpad Prism (version 5.0) software. Data were statistically analyzed by one-way ANOVA analysis of variance, followed by Tukey's multiple comparison test. To assess the cytotoxicity, the IC 50 (concentration inhibiting growth 50%) was statistically calculated.
